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Description 

BENEFICIAL MATERIALS FOR TOPICAL OR 
INTERNAL USE BY A HUMAN OR OTHER 

ANIMAL 

Cross Reference to Related Applications 

[0001] This is a continuation of co-pending U.S. Application Se- 
rial No. 09/900480, filed July 6, 2001. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] The invention relates in general to beneficial materials, 
and in particular to a beneficial material which is coated 
upon, or impregnated within a medically related device for 
use internally or topically by humans or other animals. 
The beneficial material includes anti-microbial and anti- 
bacterial properties. In particular, the material is intended 
to kill or neutralize contaminants, such as microorgan- 
isms, germs, bacteria, viruses, undesirable chemicals 
and/or compounds, etc. 



[0004] 2. Background Art 

[0005] The need to kill and/or neutralize contaminants and in- 
sects on humans and other animals has long been neces- 
sary to ward off infections and diseases. While the use of 
materials which have anti-microbial, anti-bacterial and 
insecticidal properties has been known, the efficiency and 
efficacy of their administration remains problematic for 
various reasons. For example, certain topical materials 
have been developed which have anti-microbial and anti- 
bacterial properties. The application of such topical mate- 
rials has been problematic as the anti-microbial, anti- 
bacterial and insecticidal properties often wear off quickly. 
Other materials are relatively highly toxic to humans and 
to other animals upon which they are applied. Yet, other 
materials, while having some efficacy when applied topi- 
cally, cannot be applied internally to the body of humans 
and animals for various reasons. Further, certain of these 
materials have poor performance and must be applied in 
heavy doses. 

[0006] It is therefore an object of the invention to provide a ma- 
terial for use on humans and other animals which exhibit 
anti-bacterial, anti-microbial as well as insecticidal prop- 
erties. 



[0007] It js another object of the invention to provide a material 
which can be used topically or internally as an anti- 
bacterial, anti-microbial or insecticidal material. 

[0008] These and other objects will become apparent in light of 

the present specification, claims and drawings. 
Summary of Invention 

[0009] The invention comprises a beneficial material for medical 
application in association with a substrate including a 
support material and a reactive material. The reactive ma- 
terial is ion exchanged into the support material and the 
support material is associatable with the substrate. 

[0010] In one embodiment, the support material comprises any 
one of ionomers, anion exchange membranes, cation ex- 
change membranes, Nasicon and Nafion. 

[0011] In another embodiment, the reactive material comprises 
any one of noble metals, peroxides and halogens. 

[oo^2] In such embodiments, the substrate may comprise a for- 
mulation in a paste, putty, epoxy spray, tar or membrane 
form for topical application, wound healing devices, pros- 
thetic devices and other implantable devices. 

[0013] In another aspect of the invention, the invention com- 
prises a beneficial material for medical application in as- 
sociation with a substrate. The beneficial material com- 



prises an ionically conductive compound associatable with 
the substrate. 

[0014] In a preferred embodiment, the ionically conductive com- 
pound comprises a halide of a noble metal in selective 
combination with a high surface area metal oxide, i.e. a 
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metal oxide having a surface area greater than 3 m /gm. 

[0015] In one embodiment, the noble metal comprises one of the 
group consisting of: Ag, Au, Pt, Cu, Pd, Rh, Ir and Ru. In 
one such embodiment, the metal of the metal oxide com- 
prises one of the group consisting of Ag, Au, Pt, Cu, Al, Ti, 
Si, Pd, Rh, Ir, Ru, Zn, Sn and Mg. 

[0016] In another such embodiment, the substrate may comprise 
a formulation in a paste, putty, epoxy spray or tar form 
for topical application, wound healing devices, prosthetic 
devices and other implantable devices. 

[0017] In another aspect of the invention, the invention com- 
prises a beneficial material for medical application in as- 
sociation with a substrate. The material comprises a pho- 
toactive compound associatable with the substrate. 

[0018] In one such embodiment, the photoactive compound 

comprises one of the group consisting of combinations of 
compounds including TiO and Titanates, Fe O and com- 
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pounds of Fe^O^ and other oxides. Silver and Copper Ox- 



ides, halides and chalcogenides, Vanadium pentoxide and 
vandates, Tin oxides and stannates, Silver Ion Conductors, 
NbO and Niobates, TiO and Nb02 solid solutions, Bi 0 
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and bismuth chalcogenides, Silicon and Germanium doped 
with p-type and n-type impurities, P-N junctions of semi- 
conductors, such as Si, ZnS, GaAs, etc.. Photovoltaic ma- 
terials, such as silicon, Ge, InP, ZnP, Zinc chalcogenides 
and Zn oxides and Zn phosphides. 

[0019] The invention may likewise be directed to a wound healing 
device. In particular, the wound healing device includes a 
substrate and a beneficial material. The substrate is capa- 
ble of association with a wound of a human or other ani- 
mal. The beneficial material is water insoluble peroxide 
associated with the substrate. The beneficial material 
comprises one of an ionically conductive compound, a 
photoactive compound and a reactive material ion- 
exchanged with a support material. Preferably, the sub- 
strate comprises one of a woven pad and a gauze pad. 

[0020] In an embodiment of the wound healing device wherein 
the beneficial material comprises an ion exchange mate- 
rial, the reactive material comprises one of the group con- 
sisting of: ionomers, anion exchange membranes, cation 
exchange membranes, Nasicon and Nafion and the reac- 



live material comprises one of the group consisting of: 
noble metals, metals, halogens and photoactive com- 
pounds comprising combinations of compounds including 
TiO and Titanates, Fe O and compounds of Fe 0 and 
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other oxides. Silver and Copper Oxides, halides and 

chalcogenides. Vanadium pentoxide and vandates. Tin 

oxides and stannates. Silver Ion Conductors, NbO and 
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Niobates, TiO and Nb02 solid solutions, Bi O and bis- 
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muth chalcogenides, Silicon and Germanium doped with 
p-type and n-type impurities, P-N junctions of semicon- 
ductors, such as Si, ZnS, GaAs, etc.. Photovoltaic materi- 
als, such as silicon, Ge, InP, ZnP, Zinc chalcogenides and 
Zn oxides and Zn phosphides. 
[0021] In embodiments of the wound healing device having an 
ionically conductive compound, the compound may com- 
prise an halide of a noble metal in selective combination 
with a metal oxide. In other wound healing device embod- 
iments having a photoactive compound, the photoactive 
compound may comprise combinations of compounds in- 
cluding TiO and Titanates, Fe O and compounds of Fe 0 
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and other oxides. Silver and Copper Oxides, halides and 

chalcogenides. Vanadium pentoxide and vandates. Tin 

oxides and stannates. Silver Ion Conductors, NbO and 

' 2 



Niobates, TiO and Nb02 solid solutions, Bi O and bis- 

2 2 3 

muth chalcogenides, Silicon and Germanium doped with 
p-type and n-type impurities, P-N junctions of semicon- 
ductors, such as Si, ZnS, CaAs, etc.. Photovoltaic materi- 
als, such as silicon, Ge, InP, ZnP, Zinc chalcogenides and 
Zn oxides and Zn phosphides.. 

[0022] In yet another wound healing device embodiments having 
a water insoluble peroxide compound, the water insoluble 
and slow reactive peroxide compound comprises one or 
more of the combinations of peroxides of Mg, Ca, Ba, Ag, 
Cu, Pt, Au, Sn, Zn, Ru, Ir, among others. 

[0023] In another embodiment, the reactive material may com- 
prise water insoluble excess oxygen containing com- 
pounds such as perovskites of La^NiO^+b, La^CuO^+S, 
CeNiO +6 and Ce CuO +6. 
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[0024] The invention further comprises a method of incorporat- 
ing a beneficial material to a substrate. The method com- 
prises the steps of providing a substrate, coating the sub- 
strate with a support material and ion exchanging a reac- 
tive material with the support material. 

[0025] In a preferred embodiment, the step of coating comprises 
one of the following steps: spraying the substrate with a 
support material, painting the substrate with a support 



material and dipping tlie substrate into a support mate- 
rial. 

[0026] In another aspect of the invention, the invention com- 
prises a method of incorporating a beneficial material to a 
fluid or semi-solid substrate. The method comprises the 
steps of providing a fluid or semi solid substrate, provid- 
ing the beneficial material and mixing the beneficial ma- 
terial within the substrate. In such an embodiment, the 
beneficial material comprises one of an ionically conduc- 
tive compound, a photoactive compound a reactive mate- 
rial ion-exchanged with a support material and water in- 
soluble, slowly reactive metal peroxide materials. 

[0027] In one such embodiment of the method, the method fur- 
ther includes the step of granulating the beneficial mate- 
rial. 

[0028] In another aspect of the invention, the invention may 
comprise a method of associating a beneficial material 
with a substrate. The method comprises the steps of pro- 
viding a substrate, providing beneficial material, mixing 
the beneficial material within the substrate; and molding 
the mixed beneficial material and substrate into a desired 
configuration. In such an embodiment, the beneficial ma- 
terial comprises one of an ionically conductive compound. 



a photoactive compound and a reactive material ion- 
exchanged with a support material. 

[0029] In one embodiment of the method, the method further in- 
cludes the step of granulating the beneficial material. 

[0030] In another aspect of the invention, the invention com- 
prises a method of applying a beneficial material to a hu- 
man or other animal. The method first includes the step of 
providing a beneficial material, wherein the beneficial ma- 
terial comprises one of an ionically conductive compound, 
a photoactive compound, an organic insecticide material 
and a reactive material ion-exchanged with a support ma- 
terial. Subsequently, the material is associated with a sub- 
strate, wherein the substrate comprises a fluid or semi- 
solid material. Subsequently, the combined beneficial ma- 
terial and substrate is applied upon the body of a human 
or animal. 

[0031] In one embodiment, the step of applying comprises one of 
the steps of coating, painting, or pouring of the combined 
beneficial material and substrate upon the body of a hu- 
man. 

Brief Description of Drawings 

[0032] Fig. 1 of the drawings is an embodiment of a beneficial 

material, showing, in particular, application of same upon 



an implantable device (i.e. a hip); 

[0033] Fig. 2 of the drawings is an embodiment of a beneficial 
material, showing, in particular, application of same in a 
liquid/paste/epoxy form poured topically onto an animal; 

[0034] Fig. 3 of the drawings is an embodiment of a beneficial 
material, showing, in particular, application of same in a 
wound healing device (i.e. a bandage); 

[0035] Fig. 4 of the drawings is an embodiment of a beneficial 
material, showing, in particular, application of same in an 
prosthetic device (i.e. artificial leg); and 

[0036] Fig. 5 of the drawings is an embodiment of a beneficial 
material showing, in particular, application of same in a 
wound healing device (noble metal or halogen ion ex- 
change membrane). 
Detailed Description 

[0037] While this invention is susceptible of embodiment in many 
different forms, there is shown in the drawings and will be 
described in detail, several specific embodiments with the 
understanding that the present disclosure is to be consid- 
ered as an exemplification of the principles of the inven- 
tion and is not intended to limit the invention to the em- 
bodiments illustrated. 

[0038] Referring now to the Figures, and in particular to Fig. 1, 



beneficial material 10 is shown as being applied to sub- 
strate 12 As will be explained below, substrate 12 may 
comprise a variety of devices or materials for use in asso- 
ciation with various animals, including, but not limited to 
humans, domesticated animals, birds, fish, etc, to name 
just a few. These devices may be used topically as well as 
within the body (i.e. the devices may be implantable). 

[0039] In the embodiment shown in Fig. 1, substrate 12 com- 
prises an artificial hip. In such an embodiment, substrate 
12 may comprise a variety of materials, including but not 
limited to titanium, stainless steel, ceramics, composites, 
to name a few. Such an artificial hip is intended for inser- 
tion into the body for a plurality of years to replace a hip 
joint which has deteriorated. In other embodiments, sub- 
strate 12 may comprise insecticide formulations (in a 
paste, putty, epoxy spray or tar form) for topical applica- 
tion, i.e. a fluid or semi-solid of varying viscosity (Fig. 2), 
wound healing devices, i.e. bandages (Fig. 3), prosthetic 
devices, i.e. limbs, eyes, etc. (Fig. 4) and other im- 
plantable devices. 

[0040] Referring again to Fig. 1, beneficial material 10 comprises 
support material 14 and reactive material 16. Support ma- 
terial 14 may comprise a variety of materials, including. 



but not limited to anion excliange membranes, cation ex- 

cliange membranes, Nafion, Nasicon, as well as other 

ionomers. Reactive material 16 may comprise a variety of 

different materials, including, but not limited to noble 

metal compounds (i.e. compounds of Ag, Au, Pt, Cu, Al, 

Pd, Rh, Ir, Ru, among others) as well as halogens (F, Ci, I, 

Br) which are ion exchanged into the support material. In 

other embodiments, beneficial material 10 may comprise 

a cationic membrane (i.e. ion exchanged with a noble 

metal ion). Examples of the foregoing ion exchanged 

membranes comprise Cu-Nasicon; Cu-Nafion; Ag- 

Nasicon; Ag-Nafion; Au-Nasicon; Au-Nafion; l^-Anion 

Membranes, Br -Anion Membranes, to name a few. 
' 2 ' 

[0041] In yet other embodiments, beneficial material 10 may 

comprise metal oxides (i.e., oxides of Magnesium) as well 
as noble metal oxides. Examples of the foregoing com- 
prise AgO; Au^O^, MgO^, CuO. In certain embodiments, 
the metals Ag, Au, Pt, Cu, Al, Pd, Rh, Ir, Ru, Zn, Rb, Mg, 
Ca, Sn may be selectively combined organic insecticide 
materials, including but not limited to Deet and Spinosad. 

[0042] In yet other embodiments, beneficial material 10 may 
comprise ionically conductive compounds comprising 
halides of noble metals and other metals selectively along 



with metal oxides, and preferably with metal oxides hav- 
ing a high surface area, i.e. a surface area greater than 3 

2 

m /gm. Examples of these include Agl+AI^O^, Cal+AI^O^; 
Aul+AI O; Aq Rbl + Al O , among others. 
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[0043] In other embodiments, the reactive material may one of 
water insoluble peroxides and water insoluble excess 
oxygen containing compounds which are associated with 
a substrate. In such an embodiment, the water insoluble 
peroxides may comprise MgO^, BaO^, SnO^, AgO, CaO^ 
and ZnO^, among others. In other such embodiments, the 
water insoluble excess oxygen containing compounds 
may comprise perovskites of La^NiO^+6, La^CuO^+6, Ce- 
NiO +6 and Ce CuO +6, among others. 

4 2 4 

[0044] In still other embodiments, beneficial material may com- 
prise photoactive compounds such as those listed on Ta- 
ble I, below. Such compounds have effects in the presence 
of light. For example, TiO^, upon exposure to UV light, 
and, in the presence of humidity in the air, releases hy- 
droxyl ions which is repellant of insects. The other exam- 
ple comprises a photovoltaic material which upon expo- 
sure to sunlight produce voltage, and, in turn, repel in- 
sects and microbial activity. 



TABLE I 

PHOTOCATALYTIC MATERIALS 



• Ti02 and Titanates 

• Fe203 and compounds of Fe203 and other oxides 

• Silver and Copper Oxides, halides and ciialcogenides 

• Vanadium pentoxide and vandates 

• Tin oxides and stannates 

• Silver Ion Conductors 

• NbOi and Niobates 

• TiOz and Nb02 solid solutions 

• Bi203 and bismuth chalcogenides 

• Silicon and Germanium doped with p-t>'pe and n-type impurities 

• P-N junctions of semiconductors, such as Si, ZnS, GaAs, etc. 

• Photovoltaic materials, such as silicon, Ge. InP, ZnP 

• Zinc chalcogenides and Zn oxides and Zn phosphides. 



[0045] As will be explained, in each embodiment of the inven- 
tion, beneficial material 12 has properties which tend to 
kill or neutralize contaminants, such as microorganisms, 
germs, insects bacteria, viruses, undesirable chemicals 
and/or compounds, etc. 

[0046] Various different manners in which to apply beneficial 
material have been contemplated. By way of example, a 
device or material can be coated (sprayed, dipped, 
painted, etc.) with beneficial material. In other embodi- 
ments, the beneficial material may be granulated and in- 
troduced into a fluid, semi-solid or solid material. In an- 
other group of embodiments particularly well suited for 
use in association with moldable (i.e. plaster, plastic, 
composite, etc.) substrates, the beneficial agent may be 



introduced (in eitlier a granulated powdered or ungranu- 
lated configuration) into tlie substrate. Once introduced, 
the mixture of beneficial agent and substrate can be 
molded into a desired configuration. For example, a plas- 
ter of paris material can be mixed with one such beneficial 
agent powder or solution before it is made. 
[0047] For example, relative to the embodiment of Fig. 1, benefi- 
cial material 12 may comprise Ag (reactive material 16) 
which has been ion exchanged into Nafion (as substrate 
14) to form Ag-Nafion material. In such an embodiment, 
the Nafion substrate may be dip coated upon the device 
and, subsequently, the device with the coating may be 
placed into solution containing Ag ions for ion exchange. 
When a protonated Nafion membrane is dipped into silver 
nitrate solution, Ag ions in the solution ion exchange with 
protons in the Nafion, thereby rendering an Ag-Nafion 
membrane. 

[0048] In the embodiment shown in Fig. 2 which comprises a 

topically applied fluid or semi-solid material (such as ad- 
hesives, epoxies, etc), a beneficial material may comprise 
materials chosen from Table I or noble metal ionomers 
which is ground and introduced into a paste-like sub- 
strate such as epoxies, adhesives, glue or tars.The paste 



can then be applied onto the surface of cattle or to an- 
other animal to kill or neutralize contaminants and insects 
over a prolonged period of time. 
[0049] In the embodiment of Fig. 3, the beneficial material may 
be associated with a wound healing device, such as a ban- 
dage. In particular, the bandage may include a substrate 
(i.e. woven pad or gauze with an adhesive to attach to the 
skin) and a beneficial material which is applied to the sub- 
strate. In one embodiment, the beneficial material may 
coated upon the substrate, or alternatively, the fibers 
which are used to form the substrate may be treated prior 
to the manufacture of the fibers into the substrate. In yet 
other embodiments, the beneficial material may comprise 
a fluid or a semi-solid material which is applied to the 
substrate prior to or in conjunction with its use. In yet an- 
other embodiment, the cation exchanged membrane with 
noble metal cations is effective as a bandage for wound 
healing. 

[0050] In operation of the embodiment shown in Fig. 3, as the 
wound healing device (associated with the beneficial ma- 
terial) is positioned to cover a wound, the beneficial mate- 
rial is in close proximity to a wound. In turn, the beneficial 
material kills or otherwise neutralizes contaminants. This, 



in turn, precludes infection of the wound. 

[0051] In tlie embodiment sliown in Fig. 4 whicli may comprise a 
prosthetic device, beneficial material may be powdered or 
granulated and introduced into a substrate which may 
comprise a moldable plastic or resin material. In such an 
embodiment, the materials are mixed and the resulting 
mixture may be cast or molded into the desired form. 

[0052] Of course, other methods of applying the beneficial mate- 
rial are contemplated such as introducing the beneficial 
material into a liquid material (such as a paint), wherein 
the resulting liquid material can be applied onto a device 
(painted or sprayed). 

[0053] Several examples were developed and tested using differ- 
ent formulations of beneficial material. The tests are 
merely examples to exemplify the principles of the inven- 
tion, and it will be understood that the beneficial material, 
or the application of same is not limited to these exam- 
ples. 

[0054] Example 1 

[0055] Jo formulate the material in this example, a circular sam- 
ple of Sodium Nafion (DuPont material) was first cut with a 
punch. The sample was then cleaned with distilled water. 
The Nafion sample was then exposed to a 1 M AgNO so- 



lution at 100° C for three hours and then cooled to room 
temperature. As a result of the exposure, Ag was ion ex- 
changed into the Nafion. The ion exchanged Nafion sam- 
ples were then rinsed in distilled water to wash nitrates. 
The silver exchanged Nafion called Ag-Nafion was now in 
condition for testing. 
[0056] Example 2 

[0057] To formulate the material in this example, a similar circu- 
lar sample of Nafion was cut with a punch, and the sample 
was cleaned with distilled water. The Nafion sample was 
then exposed to a 1 M Cu(NO^)^ solution at 100° C for 
three hours and then cooled to room temperature. As a 
result, the Cu was ion exchanged into the Nafion. The ion 
exchanged Nafion samples were then rinsed in distilled 
water to wash nitrates. The copper exchanged Nafion 
called Cu-Nafion was now in condition for testing. 

[0058] Examples 

[0059] To formulate the material in this example, a similar circu- 
lar sample of Nafion was cut with a punch and cleaned 
with distilled water. The Nafion sample was then coated 
with an Au/Pd coating which was sputter deposited at 60 
mA current and 200 Mtorr. The coated Nafion was then 



placed into a 0.25 M HNO^ solution for three hours at 40° 
C. In this manner, the solution first dissolved the Au/Pd 
coating then the coating was ion-exchanged into the 
Nafion. The Au/Pd ion exchanged Nafion was now in con- 
dition for testing. 
[0060] Example 4 

[0061] Jo formulate the material in this example, a similar circu- 
lar sample of Nasicon was placed in a IM AgNO^ solution 
at 50° C for three hours and cooled to room temperature. 
As a result, the Ag was ion exchanged into the Nasicon. 
Subsequently, the ion exchanged samples were rinsed in 
distilled water to remove any residual nitrate material. The 
Ag-Nasicon was then tested for its anti-microbial proper- 
ties, wherein an Ag-Nasicon pellet was formed for testing. 

[0062] Example 5 

[0063] Jo formulate the material in this example, coated steel 
rods were prepared. Specifically, 441 stainless steel rods 
were chemically etched in HNO^/H^PO^/Acetic acid/H^O 
solution for one hour. The samples were then washed. 
Next, the samples were then dip coated in five separate 
coats of Nafion solution obtained from DuPont. Each coat- 
ing was performed at 100° C. Once coated with the Nafion 



solution, the steel samples were placed in a 1 M AgNO^ 
solution at 40° C for three hours. The samples were then 
cooled to room temperature and washed in distilled water 
to remove any nitrates. These steel rods were then tested 
for their antimicrobial properties. 
[0064] Examples 

[0065] Jo formulate the material in this example, coated steel 
rods were prepared. Specifically, 441 stainless steel rods 
were chemically etched in HNO^/H^PO^/Acetic acid/H^O 
solution for one hour. The samples were then washed. 
Next, a slurry of an Ag ion exchanged in a Nasicon ce- 
ramic was prepared. The slurry was spray coated upon the 
treated steel rods. Subsequently, the slurry coated rods 
were fired at 850° C for 1 hour. Thus, these steel rods 
coated with Ag ion exchanged Nasicon were tested for 
their anti-microbial activity. 

[0066] Example 7 

[0067] To formulate the material in this example, Agl and AI^O^ 
at 70/30 wt % were aggressively mixed with CH^OH 
(methanol) for 15 minutes in a paint shaker. They were 
subsequently dried and calcined at 560° C for 2 hours into 
a powder. The formulation was then pressed into 1 inch 



disks at 35 Kpsi. 
[0068] Examples 

[0069] Jo formulate the material in this example, MgO^ powder 
was pressed into 1 inch ceramic disks. The MgO^ was not 
pre-milled, and no binder was added prior to pressing. 
This ceramic MgO^ disk was then tested for its antimicro- 
bial activity. 

[0070] The foregoing formulations were tested to determine ef- 
fectiveness relative to killing or neutralizing contaminants, 
such as microorganisms, germs, bacteria, viruses, unde- 
sirable chemicals and/or compounds, etc. To test the for- 
mulations, the prepared samples were placed in a 20ml 
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beaker. Next, a 5 ml 10 dilution stationary phase culture 
of Ecoli was poured into each of the beaker. After three 
hours of testing the sample under room temperature, 0.2 
ml of the tested culture of each candidate was placed in a 
petri dish. The petri dishes were placed into an oven for 
14 hours at 37° C. The positive control was an untreated 
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10 dilution of stationary phase culture and the negative 
control was an empty petri dish. 
[0071] The results were as follows: 
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[0072] As can be seen from the results above, each of the exam- 
ples provided excellent anti-bacterial properties. 

[0073] jhe foregoing description merely explains and illustrates 
the invention and the invention is not limited thereto ex- 
cept insofar as the appended claims are so limited, as 
those skilled in the art who have the disclosure before 
them will be able to make modifications without departing 
from the scope of the invention. 



